One significant decision in supply chain management is to determine the configuration of the supply chain network. However, studies that analyze different configurations are rare in the literature. This paper considers a supply chain network consisting of one supplier and a number of retailers. Two different configurations were proposed and were compared in terms of total cost for the network. In the first configuration, retailers directly order to the supplier and hold the inventory to meet the demand of customers. However, in the second configuration, a number of intermediate facilities were established to order products from the supplier and satisfy the demands of retailers. The inventory of retailers in the latter configuration is stored in the intermediate facilities. These two configurations were compared in terms of total cost. Numerical calculations indicate that the latter configuration was preferred in most cases.
Introduction
Supply chain management (SCM) is referred to as planning, controlling and implementing the operations of a supply chain network in an efficient manner. Planning levels of supply chain management are divided into three levels of strategic tactical and operational [1, 2] . Strategic decisions are made once at the beginning of the planning horizon [3] and have long lasting effect on the supply chain [4] . One very important strategic decisionis to determine the best configuration of facilities. The importance of this decision is due to the large investment required to establish facilities and determining the configuration of a supply chainnetwork [5] . However, limited works in the literature focused on thestructure ofsupply chain network.The work of Costantino and Pellegrino [6] can be counted as an example of analyzing supply chain configurations. In this work, single sourcing and multi-sourcing configurations are compared in terms of cost and uncertain benefits. The study by Burke, Carrillo [7] is another work of the same type. Another article that is more similar to this paper is the study by Gebennini, Grassi [8] . The authors presented a comparison of two different configurationsin terms of main cost components: one configuration with picking activities executed at intermediate facilities and another where picking activities are performed at a central distribution center. This paper addresses a distribution network consisting of one supplier and a number of retailers. Two different configurations are investigated. In one configuration intermediate facilities are established in the network to order products from the supplier and satisfy the demand of retailers. In the other configuration retailers directly order to the supplier and store the inventory. This is unlike the first configuration in which retailershold no inventory and the whole inventory is kept in the intermediate facilities.Two configurations are modeled and compared in terms of total cost.
Problem description and modeling
This paper considers a distribution network consisting of one supplier and a set of retailers. Retailers face with random demand of a single product. Two different configurations for the network are examined. In the first configuration retailers directly order to the supplier and the inventory of retailers is kept in the retailers' sites. This configuration is shown in Fig.1 . However, in the second configurationa number of distribution centers (DCs) are established in the network to order products from the supplier and satisfy the demands of retailers.The inventory of retailers in the latter configuration is kept in the established DCs in such a manner that each DC keeps the inventory of those retailers that are assigned to it. The second configuration is displayed in Fig.2 .The inventory policy considered for both configurations is an Economic Order Quantity (EOQ) and (Q, r) policy. In this inventory policy when the inventory on hand drops below reorder point r, an order of size Q is placed. The value of Q is determined by EOQ policy. Decision variables for configuration Aaredetermining the order quantity and reorder point of retailers, however,for configuration B the number and location of DCs and assignment of retailers to the DCs are also among decision variables. Due to the difference between these two configurations the cost components and their objective functions are different. In order to compare the configurations, these two must be modeled first. The remainder of this section describes how these configurations are modeled. The notation used is as follows:
Sets and indices: J set of retailers I set of set of candidate DC locations I Index for DCs j Index for retailers Input parameters F i : Annual fixed setup cost for DC i T: Transportation cost per unit of product per unit of distance h r : Inventory holding cost at DC r or retailer r per unit of product per year O: Fixed ordering cost per order d j : Annual mean demand at Retailer j v j : Annual variance of demand at Retailer j dis ij : Distance between DC i and Retailer j dis_sudc i :Distance between supplier and DC i dis_surt j : Distance between supplier and retailer j lt k : lead time from the supplier to DC k or form supplierto retailer k α: level of service that has to be achieved at the retailers Z α : Standard Normal deviate such that P (z ≤ z α ) = α. Objective function for configuration A. The objective function of configuration A is the summation of inventory holding cost and transportation cost as is presented in the following.
The first term in objective function (1) is the summation of holding inventory cost and safety stock cost at the retailers' sites. The second term is the cost of placing order from retailers to the supplier, and the last term is the summation of transportation cost from supplier to retailers. Constraint set (2) ensures that order quantity of retailers is a non-negative value.
Objective function for configuration B.In configuration B decisions to be found are determining the number and location of DCs, the assignment of retailers to DCsand determining the inventory control decision to minimize the total cost of the network. The total cost is the summation of fixed cost of establishing DCs, ordering cost, inventory holding (working inventory and safety stock) and the transportationcost from supplier to DCs and from DCs to retailers. The objective function for this case is formulated as a nonlinear mixed integer mathematical model as the following: 
x ≥ y ∀i ∈ I, ∀j ∈ J. (5) x , y = 1,0 ∀i ∈ I, ∀j ∈ J.
The first term inside the parentheses in objective function (3)is the summation of inventory holding cost and safety stock holding at established DCs. The second term is the total DCs' installation cost. The third term is the ordering cost from DCs to the supplier and the last term is summation of transportation cost from supplier to DCs and from DCs to retailers. Constraint set (4) ensure each retailer can be supplied by only one DC. Constraint set (5) make sure that retailers are not assigned to closed DCs. Constraint set (6) and (7) respectively specify that x i and y ij are binary variables and the order quantity is a non-negative value.
Results and discussion
This section conducts numerical calculations to compare the two proposed configurations in terms of total cost. For this purpose, a distribution network consisting of one supplier and ten retailers are considered. For the second configuration five locations arealso considered as potential
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Advances in Mechanical and Manufacturing Engineering sites for establishing DCs. A total number of 100 test problems are generated by considering 10different amounts for transportation cost and10different amounts for fixed ordering cost. The transportation cost varies from 0.5 to 5 in steps of 0.5 and ordering cost varies from 5 to 50 in steps of 5. The other parameters are considered as constant amounts and are as follows.The inventory cost is set to 1 unit of cost, level of service is set to 1.96, the annual means and variances ofdemandsare set to 1000 for all retailers. DCs' installation costs are set to 50 unit of cost. Distances between facilities are calculated by the shortest distance formula and lead time between each two facilities is considered to be equal to the distance between them. Distance matrixes are presented in Table 1 , Table 2 and Table 3 . Two models are solved using an exhaustive search algorithm programmed in C++, and the configurations are compared in terms of total cost. The results are presented in Fig.3 . Each point in this figure is the average of 10test problems which are generated by keeping the transportation cost as a constant amount and changing the ordering cost.
Fig.3.Comparison of total cost of configuration A and B
As it is expected increase in the transportation cost increases the total cost of both configurations. However, this increase is significantly more in configuration A in comparison to configuration B. For the first two points in x axis, configuration A is preferred, as it has less total cost. However, from the second point onward configuration B is selected as the better one. In fact, for the first two points on the x axis, the total transportation cost of configuration A is less than the total transportation cost of configuration B, but the inventory cost is more that the inventory cost of configuration B. As in this case and many real cases, the transportation cost comprises the largest portion of total cost, so it is the main determinant of the winner configuration. By moving toward the positive direction of x axis, the total transportation cost of configuration A becomes more that the total transportation of configuration B, and so the winner configuration is B.
Summary
This paper considered two different configurations for a distribution network consisting of a supplier and a number of retailers. In one of the configurations a number of distribution centers were established to order products from the supplier and meet the demands of retailers. However, in the other configuration retailers directly ordered to the supplier and kept the inventory in their sites. For the second configuration only the optimal order quantity of retailers was decision variable however, for the first one, the number and location of intermediate facilities were also unknown. Both configurations were formulated as mathematical models and were solved using an exhaustive search algorithm. Sensitivity analysis is performed on transportation and fixed ordering cost to compare the configurations. Results showed that the configuration with intermediate facilities is significantly better in terms of total cost. Future works are required to do sensitivity analysis on other parameters of the problem.
